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(57) [Abstract] 

[Problem] Mamrfacturir^rrethodofhigb magnetic fluxdensit 
y unidirectionality electromagnetic steel plate where iron loss 
characteristic is superior is obtained. 

[Means of Solution] With weight ratio, C: 0.025 to 0.075 % , 
Si:2.5to4.5%, Mn :0.050 to 0.45 % , S 0.015%, acid 
soluble Al :0.015 to 0.040 % , Other things, N, Sn , Cr , 
electromagnetic steel slab which contains Cu etc after heating is 
rolled withthe 1280 °C or below, final rollingratio 80 % or 
higher to do, Next decarbonizing annealing , nitriding , 
Proving unidirectionality electromagnetic steel plate which 
does finished annealing at time of, annealing of steel plate 
before final rolling 2-stage soaking to do, temperature of high 
temperature side, soaking time 950 to 1 150 °C , Within 180 
second, temperature of low temperature side, soaking time is 
designated asthe 800 to 950 °C and 30 to 300 second, from 
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temperature region of 800 to 950 °C average cooling rate to 
ths300°C is cooled with R°Osec,mamrfacturing method of 
low iron loss high magnetic flux density unidirectionality 
electromagnetic steel platewhich designates that thermal effect 
which time of 1 nin or more iskept with T °C which at least in 
one time or more steel plate of path of themultiple times of 
final cold rolling below-mentioned condition is filled upwith 
temperature range of 100 to 300 °C is given as feature. 

400-10RT 690-12R 



[Claims)] 

[Claim 1] With weight ratio, C : 0.025 to 0.075 % , Si:2.5 to 
4.5 % , Mn :0.050 to 0.45 % , S 0.015 % , acid soluble Al 
:0.015 to 0.040 %,N 0.010 %was contained and 
electromagnetic steel slab which consists of remainder Fe 
andthe unavoidable impurity was heated to temperature of 1280 
°C or below rear, It rolls, With rolling of two time or greater 
which insert one time or intermediate annealing thefinal rolling 
ratio 80 % or higher to do, Next decarbonizing annealing , 
nitriding , Producing unidirectionality electromagnetic steel 
plate which does finished annealing at time of, annealing of 
steel plate before final rolling 2-stage soaking to do, 
temperature of high temperature side, soaking time 950 to 
1 150 °C , Within 180 second, temperature of low 
temperature side, soaking time is designated asthe 800 to 950 
°C and 30 to 300 second, fromtemperature region of 800 to 
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S SO. 0 15%, 
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950 °C average cooling rate to the300 °C is cooled withR 
°C/sec, manufacturing method of low iron loss high magnetic 
flux densityunidirectionality electromagnetic steel platewhich 
designates that thermal effect which time of 1 irin or more 
iskept with T °C which at least in one time or more steel plate 
of path of themultiple times of final cold rolling below- 
mentioned condition is filled upwith temperature range of 100 
to 300 °C is given as feature. 

400-10RT 690-12R 

[Qaim2] With weight ratio, 

C : 0.025 to 0.075%, 

Si: 2.5 to 4.5%, 

Mi: 0.050 to 0.45%, 

S 0.015%, 

Acid soluble Al : 0.015 to 0.040 % , 
N 0.010%, 
Sn:0.02to0.15%, 

Cr : Method which is stated in Clarm 1 which designates electro 
magnetic steel slabwhich contains 0.05 to 0.30 % and consists 
of remainder Fe and unavoidable impurity asthe starting 
material. 

[Claim3] With weight ratio, 
C : 0.025 to 0.075%, 
Si: 2.5 to 4.5%, 
Mh : 0.050 to 0.45%, 
S 0.015%, 

Acid soluble Al : 0.015 to 0.040 % , 
N 0.010%, 
Sn:0.02to0.15%, 
Cr: 0.05 to 0.30%, 

Cu : Method which is stated in Clarm 1 which designates electro 
magnetic steel slabwhich contains 0.03 to 0.30 % and consists 
of remainder Fe and unavoidable impurity asthe starting 
material. 
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[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention is something 
regarding manufacturing method of unidirectionality 
electromagnetic steel plate where theiron loss characteristic is 
superior. 

[0002] 

[Prior Art] Unidirectionality electromagnetic steel sheet is used 
of transformer and as iron core material of electric 
generatorother electric equipment mainly, other than thing 
where excitation characteristic and iron loss characteristicare 
satisfactory as magnetic property which that has, it must be 
sorretMngwhich possesses satisfactory coating. 

[0003] {110} aspect, is acquired crystal grain whichpossesses s 
o-called^* azirnuthwhichhas<001>axisin rolling 
direction onrollingaspect by advancing unidirectionality 
electromagnetic steel plate making use of secondary 
recrystallization phenomenon. 

[0004] In order to be known well, it finishes aforementioned sec 
ondary recrystallization phenomenon and,occurs with annealing 
process, but in order to designate revelation of the secondary 
recrystallization as sufficient ones, A1N , MhS , MnS e or other 
microscopic precipitate and so-called inhibitonvhich control 
growth of prirmryrecrystallization grain it is necessary to 
existin steel to secondary recrystallization manifestation 
temperature limits which it finishes and in annealing process. 

[0005] Therefore, electromagnetic steel slab inhibitor formatio 
n element , completely in orderthe solid solution to do, is 
heated for example Al , Mn , S, Seand N etc to high 
temperature such as 1350 to 1400 °C. And, in 
electromagnetic steel slab completely inhibitor formation 
element which solid solution is done with step of intermediate 
plate thickness before hot rolled plate or final cold rolling, 
isprecipitated to fine as A1N , MnS and MnS e withthe 
annealing. 

[0006] In addition magnetic domain fractionize is assured and 
metallurgy by making secondary recrystallization grainsmall, 
decrease of iron loss is possible. In this method method of 
giving thermal effect at time of thecold rolling which is shown 
in for example Japan Uhsxanined Patent Publication Showa 50 - 
16610 disclosure. Or, as though there is a method etc which 
adds Sn in kind ofsteel which is shown in Japan Uhexanined 
Patent Publication Showa 58 - 23414 disclosure, in addition 
fromprocess aspectis shown in Japm Unexamined Patent 
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PublicationHei 1 -290716 disclosure, cold rolled steel sheet 
quick heat treatment is done and methodwhich administers 
decarbonizing annealing is proposed. These in each case are 
something due to production process which designateshigh 
temperature slab heating as premise. 

[0007] To before secondary recrystallization revealing which in 
hibitor which is necessary for thetechnology namely secondary 
recrystallization which is disclosed in Japan Unexamined Patent 
Publication Showa 61 -60896 disclosure and Japan 
Unexamined Patent Publication Showa 62 - 40 3 1 5 
disclosureetc vis-a-vis this kind of high temperature slab heating 
method finishes fromafter decarbonizing annealing 
conpletingand in annealing there are some which it makes and 
are packed. As means, (Al andSi)NwhichfunctionsbyN 
invading inthe steel, as inhibitor is formed. 

[0008] It finishes as means which N invades in steel,utilizes inva 
sion of N fromatmosphere gas with annealing temperature- 
raising step, orit does strip after decarbonizing annealing 
poststage region or decarbonizing annealing completing making 
useoftheatmospheregaswWchbe<x)rrEslSiH3 or other 
nitriding source with continual line. 

[0009] 

[Problems to be Solved by the Invention] This invention is som 
ething which is based on Japan Unexamined Patent Publication 
Showa 61 - 60896 disclosure which designates low temperature 
slab heating as premise, but important thing, crystal tissue of 
the decarbonizing annealing sheet ( average particle diameter 
and particle diameter distribution), is adjustment of gathering 
tissue and making beingpacked of inhibitor after rolling in this 
process. As for crystal tissue and gathering tissue of especially 
decarbonizing annealing it isknownthat big influence is exerted 
on magnetic property of product. 

[0010] There is a cold rolling and a decarbonizing annealing as s 
tep which produces effect on thecrystal structure, annealing 
condition before cold rolling influences of course. As for this 
invention you pay attention to cooling condition of hot rolled 
plate annealing and thesteel plate temperature at time of cold 
rolling, it is something which offers nanufacturing methodof 
high magnetic flux density unidirectionality electromagnetic 
steel sheet where iron loss is low with these condition and 
therelationship of iron loss characteristic as clear. 

[0011] 

[Means to Solve the Problems] As for this invention with weigh 
t ratio, G0.025 to 0.075 % , Si:2.5 to 4.5 % , Mn :0.050 to 0. 
45 % , S 0.015 % , acid soluble Al :0.015 to 0.040 % , N 
0.010 % , according to need Sn :0.02 to 0. 1 5 % , Cr :0.05 
to 0.30 % , Cu :0.03 to 0.30 % is contained, electromagnetic 
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steel slab which consists of remainder Fe and unavoidable 
impurity was heated to thetemperature of 1280 °C or below 
rear, It rolls, Withrolling of two time or greater which insert 
one time or intermediate annealing thefinal rolling ratio 80 % 
or higher to do, Next decarbonizing annealing , nitriding , 
Protoir^imidirectionality electromagnetic steel plate which 
does finished annealing at time of, annealing of steel plate 
before final rolling 2-stage soaking to do, temperature of high 
temperature side, soaking time 950 to 1 150 °C , Within of 
180 second, temperature of low temperature side, soaking 
time is designated as 800 to 950 °C andthe30 to 300 second, 
from temperature region of 800 to 950 °C average cooling 
rate to 300 °C is cooledwith R °Cysec, there is a manufacturing 
method of low iron loss high magnetic flux density 
unidirectionality electromagrjetic steel plate whichdesignates 
that thermal effect which time of 1 nin or more is keprwith T 
°C which at least in one time or more steel plate of path of 
multiple timesof final cold rolling below-mentioned condition is 
filled up with thetemperature range of 100 to 300 °C is given 
as feature. 

400-10RT 690-12R 

[0012] Below this invention is explained in detail. Regardingto 
this invention, limiting factor of component composition of 
slab which itmakes starting material is as follows. C is difficult 
to be acquired content under 0.025 %, thehighmagnetic flux 
density stabilizing. On one hand, exceeding 0.075 %, when it 
becomes too many, decarbonizirigarmedingtimebecorreslong 
and impairs productivity. When as for Si when content is under 
2.5 %, product ofthe low iron loss is difficult to be acquired, 4.5 
% exceeds, at timeof cold rolling, it cracks, cold rolling work 
breaking occurring frequentlyand stabilizing is designated as 
impossible. 

[0013] As for one of feature in component system of this inve 
ntion, Sthere is a point which is made 0.015 % or lower and 
preferably 0.010 % or lower. Was necessary as formation 
element of MnS which is a one ofthe precipitate which is 
necessary in order to reveal secondary recrystallization 
regardingthe technology which is disclosed in known 
technology, for example Japan Examined Patent Publication 
Sho 40 - 15644 disclosure or Japan Examined Patent 
Publication Sho 47 - 25250 disclosure, theS. But, regarding to 
this invention which uses (Al andSi)Nas inhibitor, the MhS 
especially does not need, it makes primary recrystallization 
grain size adjustment difficult, makes high magnetic flux density 
steel plate rare thatrather, MhS increases. 

[0014] Al connecting with N, forms A1N, but regarding tothe t 
his invention, because it makes that it forms ( Al and Si) N 
postprocessing .namely, by nitriding doing primary 
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recrystallization completion steel necessary, theAl of free is 
constant amount or more necessary. Because of that 0.015 to 
0.040 % it adds as acid soluble Al. 

[0015] As for Nit is necessary to make 0.010% or lower. Whe 
n it exceeds this, swelling of steel plate surface which is called 
blisteroccurs. As for lower linit, 0.0020% is good. When as 
for Mh when content is too little, advancement of 
thesecondary recrystallization becomes bad, is many on one 
hand magnetic flux density steel plate becomes difficult tobe 
acquired, proper content is 0.050 to 0.45%. 

[0016] When it finishes Sn and Q with composite addition and 
coating formationat time of annealing is stabilized Sn improves 
primary recaystallizationgathering structure after decarbonizing 
annealing simultaneously, to small grain convertsthe 
consequently secondary recrystallization grain, goes hand in 
hand with stabilization of coatingand effect is large to iron loss 
improvement. When suitable amount of Sn is 0.02 to 0. 1 5 %, 
it is less than this, effectbecomes weak, when it is many on one 
hand, nitriding difficult and thesecondary recrystallization grain 
stops advancing, suitable amount of Cr 0.04 to 0.30 % is good. 
As for Cu when obtaining high magnetic flux density steel sheet, 
there is an effect andthe suitable amount is range of 0.03 to 0. 
30%. Furthermore ,Pof trace amount, fact that Tiis 
contained in steel is not something which impairs gist ofthe 
this invention 

[0017] Production process of this invention is explained next, 
electromagnetic steel slab & make does steel with rotary 
furnace, or electric furnace or other melting furnace the 
according to need vacuumdegassing does, after that slab 
heating which precedes thehot rolling is formed. Regarding 
process of this invention, heating temperature of slab as 
itdecreases consumed amount of heating energy as 1280 °C or 
below is low, solid solution without doing A1N in steel 
completely, makes imperfectsolid solution state. Rolling this 
slab, it makes hot rolled plate of specified thickness. 

[0018] Next, you explain concerning hot rolled plate annealing 
condition and cold rolling conditionwhich are a feature of this 
invention After heating ingot which includes C0.054 % , Si:3. 
25 % , the Mn : 0.1 0 % , P:0.02 % , S:0.008 % , acid soluble Al 
:0.030 % , Sn :0.06 % , Cr : 0. 1 2 % and theN:0.0078 % to 
1 150 °C it rolled and made hot rolled plate of 2.3 mm. Next, 
annealing it did this hot rolled plate with condition of Table 1 
andcooled. 

[0019] 
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[Table 1] 



» a ft «= 





® 10 




© 20 


112 0"CX 3 Osec 


<S> 30 


+ 


© 36 


9 0 01CXl2 0sec 


® 40 




© 45 




<J> 50 



[0 0 2 0] caft&ffiLtEJI 0. 2 3mm£T?ftSSLfc 
o C<05ftE<Ajt*$II"e5 0~3 5 O°C0;SJgi5H-t?5 

[002 1] 
[»2] 



[0020] Acid wash after this it did and rolled to plate thickness 0. 
23 mm Road middle plate of this cold rolling being thick, 5 
nin it did theAging treatment which is kept with temperature 
range of 50 to 350 °C. This condition is shown in Table 2. 

[0021] 

[Table 2] 



mm frO Ag i ngftg (npQ Ag i n gigg QQ 

9 o i K 1 o n ft n fi 51k 100v 150. 200. 

2.3 1.6, L2, as, 0.6 ^ ^ M 



[0 0 2 2] ^(,N-eBJiK*Mifi^8 3 5°C0;SST*N 2 : 
2 5%, H 2 : 7 5%, g£ 6 5°C(DSIfflSi*1?tTof = 
„ 5 0°CX 3 Oseo 0s'fbifiil£N 2 , H 2 , 

N H 3 <»)I£#X4 1 'e ; f7l^'fb&0)N 2 :I:£l£l£2 O O 

ppm izmmLh. cMMgotT i o 2 *±mtt 

•6»«#li*r*aMiU 1 2 0 0°CX 2 OB#P B 10tt±lf 

ttft«>*»*tt (R°C/sec) -^MB#(DAg i n g;£K 
(T°C) -tt*tett0)Htt«BI1 (=*■*". 



[0022] Decarbonizing annealing with temperature of 835 °C w 
as done next in atmosphere ofthe N2 :25 % , H2 :75 % and 
dewpoint 65 °C. Next, nitriding of 750 °C X 30 s was done 
in nixed gas of N2, theH2 andNffi and N2 quantity after 
nitriding was almostadjusted 200 ppm . MgO after this and 
annealing separating material which designates Ti 02 as 
themain component were applied, finished annealing of 1200 
°CX20 hour was done, chromic anhydride after this, tension 
coating which designates aluninutnphosphate as themain 
component was administered. Relationship of Aging 
temperature (T °Q - iron loss characteristic at time of cooling 
condition (R °Csec) - cold rolling after the hot rolled plate 
annealing is shown in Figure 1. 



[002 3] C05g|^P>4 0 O- 1 O R^T^6 9 O- 
!ft&ffiffitt0ftfflfll®fflgli9 5 0°C~ 1 15 

o°c<Dmmkt&o ca>aifij:yffi<-cti*<-ct-* 



[0023] It understands that low iron loss material which fromthi 
s figure issuperior very in range of 400 - 10R T 690 - 
12Ris acquired temperature of high temperature side of hot 
rolled plate annealing makes range of 950 °Cto 1150 °C. 
Being lower than this temperature, being high, particle diameter 
growth of prirnaryreaTStallizationgrak becomes diffi and 
highBs characteristic is difficult to beacquired. This annealing 
time makes within 180 second. Qossing over this time, special 
effect is not recognized. 



[0024] ffifiiKDSJgl* 800-95 0°C©®H t 



[0024] Temperature of lowtemperature side makes range of 80 
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[0 0 2 6] Ag i ngl$Mliiaia±T!fcfttfa&«tf 
<fc SifcjfiEjSisti&S iMiftHRSHIB:*!;: * y ttftu #S 

So aiEfc-JfcWIMittffili 1 5f/miy±!3?2 0~2 
6 //mtiS;SX7^Di}tt© 1 O^mflJSICttK-C^;^ 
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[00 2 7] -ttl=*£««®ffifr &l*ttSA<*# < ft 
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■S4<»Biftot < So *3gW<DftiSim0fS;tI<Z>^SP 

^g,t^iiB#©A g i n s®mfr&fr>-£\tw\zz<D?iim 
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[0028] Bi«»ttiiBi4it*tT5fflj(c, -sfeWBIMfl 

»<d n umm & iz m ft mt m * »i* * * * tanj 

*^*o cftliS^s o o~9 o 0 o ctf);SKi!Sf;!7K3f§ 

, a* tuff 5. xicaftfflatoix-ciftK*. a 
\mm\mnm.mmmz e 5 o ~ s 5 o ta>as* t* 



[0 0 2 9] ??HSi#XI*ftl=C:f£;fc>ibfcl.*;Sl<, -<ft(C 

■So MgO, T i 0 2 S±fiE»i:-rSX7y- 

***U 1 1 0 0°cm±<DS£T*tt±lf®$££&*fltf> 



[0 0 3 0] 



0 to 950 °C. Uiis temperature regjonremaining promoting 
AINprecipitation besides grain size adjustmentof primary 
reciystallization grain is made easy, little phase, forming ha 
rdphase with quench after this, you obtain proper primary 
reciystallization gathering structure, annealing time 30 to 300 
second is good. 

[0025] Because reason which designates cooling regulation temp 
erature lower limit asthe 300 °C is temperature which produces 
fully effect on material hardness withthe quench. It is desirable 
also for this temperature or lower to do quench of course. 
Aging temperature of cold rolling middle stage effect of iron 
loss improvement islarge with 100 to 300 °C 

[0026] Aging time if it is a 1 rrin or more, effect is produced, b 
ut preferably 5 min extent isgood. Becoming longer than this, 
as for effect there is a fully. Furthermore in industrially it can 
correspond with high tenperature rolling linitsor heater 
installation with reverse roll. Regarding to this invention, when 
obtaining magnetic property which is superior.the primary 
reciystallization particle diameter after decarbonizing annealing 
and adjustment of gathering structure areinportant. proper 
primaryrecrystallization particle diameter is large 15 mor 
greater usually in comparison with 10 mextentofthe20to 
26 mand high temperature slab heater. 

[0027] Generally as for particle diameter becoming large it is no 
t desirable fromtheaspect of gathering tissue. Because of this, 
precise gathering tissue adjustment becomes rrorenecessary. 
cooling rate of steel plate before rolling this invention and 
combination of theAging when rolling optimizing do this cold 
rolling gathering tissue inthe military officer and are thought 
thing which obtains thedesirable primary recrystallization 
gathering tissue, cold rolling ratio makes 80 % or higher in 
order to obtain high B8 value. 

[0028] As for decarbonizing annealing besides decarbonizing is d 
one, there is a role whichforms oxidized layer which is necessary 
for adjustment and coating formation ofthe primary 
recrystallization structure. With temperature region of 800 to 
900 °C moisture hydrogen , it does this usuallyin nitrogen gas. 
Next you express corcermngnitriding. It does nitriding under 
state which usually after decarbonizing annealing thestrip runs 
with tenperature region of 650 to 850 °C. 

[0029] As for atmosphere gas especially you do not adhere, ni 
xed gas of hydrogen gas, nitrogen gas and ammonia gas is used 
generally. After this, it applies slurry which designates MgO 
and theTi 02 as main component, finishes with tenperature of 
1 10 0 °C or higher and does theannealing with known method. 



[0030] 
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[S2MJ 1] C:0. 058%, Si :3. 45%, M 
n : 0. 1 0%, S : 0. 0 0 7%, I^RT^ttA I : 0 
. 0 2 7 %, S n : 0 . 0 5 %, C r : 0 . 1 2 %, N 
: 0. 0 0 8 0%?^tX7?5 1 1 5 OtKiPfftLfc 



[Working Examples)] 

[Working Example 1] C: 0.058 % and Si: 3.45 % and Mh : 0.1 
0 % and S: After heating slab which includes 0.007 % , acid 
soluble Al :0.027 % , the Sn :0.05 % , Cr : 0.1 2 % andN:0. 
0080 % to 1 150 °C it rolled and made thehot rolled plate of 2. 
6mm 



[003 1] &t.>T?iSftEiE$*fi£ 1 o 8 o°cx 3 Oseo 
+ 8 5 o°Cx 2min 0$lfi£L;/c&, 8 5 0°C~3 0 0 
°C^T*0J^iP3gS$1 CC/sect, 4 0°C/seci: LT^ 

o C<23$E<Dii*;teJIISPt[cfcU\T^3<Z>J;?&A g i 

[0 0 3 2] 
[H3] 



[003 1] Next hot rolled plate annealing after doing annealing of 
1080 °C X 30 s + 850 °C X 2 min , was cooled to theroom 
temperature cooling rate to 850 °C to 300 °C as 10 °<7sec 
and 40 "Osec. acid wash after this it did and rolled to 0. 30 
mm Agjng treatment like Table 3 in road middle plate heavy 
filling bar floor of thiscold rolling was done. 

[0032] 

[Table 3] 
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® 200 0. 5 




® 200 3. 0 



[0 0 3 3] #a^lftJ?t$£!&£8 3 0°C(£>;S|gT?N2 : 
2 5%, H 2 : 7 5%, g|j£ 6 5 °C®HHm*T*fTo fc 

o ^^r*7 5 o°cx 3 o^^a-tbsaeSNj , H 2 , N 

H 3 <Dm&tiXtpX*iil\ &ttk<DN 2 I:£I3:I3;2 0 Op 

pm :©SM g oiT i o 2 %±mt?$> 

muftmizmftL, 1 2 0 o°cx 2 oB#p B ia)tt±if^ 

ttSMr-afc. CCD»7XgtL, ^7K-5-PA^, 'J >i§7^ 



[0033] Decarbomzing annealing with temperature of 830 °Cw 
as done next in atmosphere ofthe N2 :25 % , H2 :75 % and 
dewpoint 65 °C. Next, nitridingof750°CX 30 second was 
done in nixed gas of N2 , theH2 and NEB, N2 quantity after 
mtridingwasalmostadjusted200ppm . MgO after this and 
annealing fractionating agent which designates Ti Q2 as 
themain component were applied, finished annealing of 1200 
°C X 2 0 hour was done, water wash after this it did, it 
administered tension coating whichdesignates chromic 
anhydride and aluninumphosphate as main component, 
magnetic property is shown in Table 4. iron loss value which is 
superior very in range of this invention has beenshown. 



[0 0 3 4] 
[H4] 



CC/sec) 


Agir 




2 0 0^x0. 5£ 


2 0 0T)x3# 
B« W 17/50 


10 

40 


1. 9 2 1. 0 3 
1. 9 3 1. 0 0 


1. 92 1. 00 
1. 93 0. 93 



[0034] 
[Table 4] 



[0 0 3 5] 



[0035] 

[Effects ofthe Invention] With low temperature slab heating m 
ethod this invention, unidirectionality electromagnetic steel 

P.ll 
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plate where magnetic property is superior can beacqiired 



[Brief Explanation of the Drawings)] 

[Figure 1] It is a cold speed of Aging temperature and hot rolled 
plate armealing and a diagram whichshows relationship of 
magnetic property. 
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